U ltrasound scanning is becoming a reliable tool for clinician use in the emergency and critical care setting, both in and out of hospital. However, there is some resistance to such use of the modality from traditional users, such as radiologists, sonographers, obstetrician/gynecologists, and cardiologists (1, 2) . For this reason, it is important that training for limited use (such as emergency and critical care) should be of a high standard. The trainees must be supported and mentored during their training and during the period when they are acquiring enough experience to become competent and confident. They must also be regularly re-accredited to maintain high standards. This is the challenge for all involved internationally in training these clinicians and paramedical personnel. The ultimate aim should be to develop a training and accreditation system that is available worldwide, such as the international Advanced Trauma Life Support/Early Management of Severe Trauma course for management of acute trauma.
The requirements therefore include:
1. Credentialing of courses. 2. Development and maintenance of standards for both trainees and trainers. 3. Ongoing support for trainees (experienced, available mentor or proctor). 4. Regular re-accreditation of trainees (and availability and willingness of accreditors). 5. Quality control including a requirement for log books supported by comparison with gold standards (3).
Motivation for Learning
Many clinicians are highly motivated to learn basic ultrasound to assist them in diagnoses in their various specialties and consider it a process of challenge and opportunity. They relish the opportunity to expand their skills using equipment formerly restricted to imaging specialists. However, many are daunted by complicated explanations of the physics, "knobology," and other aspects of using ultrasound for diagnosis. Their basic enthusiasm must be protected by having strong and enthusiastic teachers and mentors, by simplifying the theoretical aspects of ultrasound, and by reducing the boredom factor. In vast and sparsely populated countries, such as Australia, portable ultrasound may be the only imaging method available before an extended retrieval time to a hospital. Early assessment before and during the retrieval may change the on-scene management of the patient and provide information for transfer to an appropriate facility for definitive care. The cramped conditions on both fixed-wing and rotary aircraft make in-flight ultrasound examination difficult, but it is possible (4, 5). Even in major trauma centers, where a 24-hr imaging service is required, availability of a trained sonographer or radiologist may be limited or delayed, and clinicians can and should provide an immediate service (6) .
For most people, physics is difficult to understand, particularly in the way it is usually taught. The mention of "acoustic impedance mismatch" is often enough to deter any student from the subject. Using the metaphor of sonar makes the principles of ultrasound readily understood by medical and nonmedical personnel, even those with no previous medical training (e.g., military, paramedics). The concept of sound waves bouncing off small fish, larger fish, whales, and submarines makes the structure of tissues and organs easily understood and prevents the trainees from thinking in terms of density, as in radiography and computerized tomography.
The trainees tend to self-select, either before or during training. Those who volunteer for ultrasound courses may have had some experience previously and have found they understand the principles and images. Others find the concept simple once exposed to a machine. A minority of trainees find they have very little handeye coordination, are unable to convert a two dimensional image into a three dimensional concept, or for some reason remain "visually unable" (7) . These trainees usually remove themselves from the training scheme. Surgeons who practice laparoscopic surgery tend to be most easily trained, as they have extensive knowledge of anatomy and good hand-eye coordination.
Motivation for Teaching
Availability of dedicated and enthusiastic people who are also competent teachers is usually the limiting factor in producing adequately trained staff able to perform ultrasound. Many imaging specialists feel threatened by clinicians performing studies (albeit limited) for which they themselves have trained intensively (1) . When the problem of payment for scans is raised, the imaging specialists may be even more reluctant to transfer their knowledge to those who may become competitors for the reducing health budget.
Nevertheless, ultrasound training requires these teachers to provide initial courses, to mentor or proctor the trainees throughout their learning curve, to be available for second or expert opinion, and to provide re-accreditation to ensure standards are maintained.
Accreditation of Teaching Courses
There was some consensus at the First World Congress on Ultrasound in Emergency and Intensive Care, in Milan, June [11] [12] [13] 2005 , that a basic course for training medical staff in acute or emergency ultrasound should consist of prereading and theoretical and practical training, including physics and knobology. Many courses include a pre-assessment and postassessment examination to measure improvement in knowledge and confidence during the course. The majority conduct a 1-day course, although this is variable, with some conducting two or three half-day courses over 2 or 3 wks.
There is also some consensus for different levels of training to be recognized, with accreditation for each level of learning. This might involve the Australasian College for Emergency Medicine level 1, the most basic introduction to ultrasound, and provide competence for Focused Assessment with Sonography for Trauma (FAST) and aortic aneurysm scans (8) . Level 2, for clinicians with special interests, might extend to vascular intervention, foreign bodies, limited musculoskeletal, testes, pylorus, deep venous studies, and basic obstetric/gynecologic scans, and more highly specialized clinical interests such as cardiac, intensive care, nerve block, and facet joint intervention. Level 3 would most appropriately be the currently accredited intensive ultrasound courses provided by most colleges and associations (e.g., American Institute of Ultrasound in Medicine, colleges of radiologists). Clinician use of emergency ultrasound is now a sufficiently mature procedure that there is a body of evidence to show the effectiveness of such courses (9 -11) . For example, even in the most remote sites such as the International Space Station, 3 hrs of theoretical and 2 hrs of remote practical training allow nonphysician crew members to obtain a diagnostic study under continuous remote supervision (12) . More extended courses provide skills for interpretation of images, which proves significantly more difficult than factual knowledge or acquisition of images (13, 14) .
In view of this, videotaped demonstration cases have proven valuable in interpretation skills (13, 14) and can also be used to test learning during assessment of training and re-accreditation.
Improvement in accuracy with practice has also been demonstrated. Accuracy of FAST examination after 15-20 scans has 90% sensitivity, 99% specificity, and 99% accuracy (15) . If this is tested after 50 practice scans, sensitivity increases to 96% and accuracy to 100% (15) . When scanning for the presence of aortic aneurysm, accuracy is 100% after 20 scans, including normal and abnormal readings (16) .
The level-1 courses held in Australia and other parts of the world for civilian and military doctors and other staff reflect this general consensus of required training worldwide. Of the extensive published reports of the variety and efficacy of courses, only a few examples are listed (2, 8, 17, 18 
Restrictions During Credentialing/ Mentoring/Proctoring
There are many recommendations about use of ultrasound findings during the learning and credentialing process (2) . Many training sites do not permit ultrasound findings of a trainee to be acted on until Ն25-50 supervised scans have been performed (1, 19 -21) . Other centers insist that the trainee be other than the treating doctor and that his or her findings are not revealed to the clinician unless discrepant with the clinical course of action. There must be continuous emphasis throughout the training course on using clinical judgment and coordinating ultrasound results with the clinical picture. The limitations of FAST scanning also need to be emphasized. Solid organ and hollow viscus injuries are neither sought nor detected during this scan.
Many attendees at courses gain excessive confidence during the practical course and must be cautioned against relying on their ultrasound skills until they have consolidated their training over time (9) . They should be taught to ignore the findings on ultrasound examination unless they are compatible with all other clinical findings, and they should always seek a second opinion if there is any discrepancy. Providing a range of volunteers for the practical sessions (for example, varied age, body habitus, and clinical condition) will show the more confident trainees the difficulties associated with scanning.
Methods of Practical Teaching
The use of normal volunteers and patients who simulate disease (such as peritoneal dialysis patients) is the most common method of practical training. Some animal models have been used, but these are relatively expensive to obtain and maintain, and animal ethics restrictions may make it more difficult to use animals than human volunteers. Human cadavers have also been used (22) , but similar limitations apply to their use, and lack of availability would be a major limiting factor. Interactive multimedia education is highly effective (11) and can be used to replace part of the practical training and also used during the accreditation and re-accreditation processes. This has great potential for a worldwide standard but must be language appropriate.
Use of Peritoneal Dialysis Patients. Most hands-on courses utilize patients who are undergoing peritoneal dialysis to mimic free intraperitoneal hemorrhage. These patients have up to 3 L of fluid introduced via a catheter, and because they are ambulant, the fluid has pooled in the pelvis at arrival. Once they lie supine, the fluid gradually circulates into the upper abdomen, and they provide a very useful demonstration of small amounts of free fluid around the liver and spleen, increasing over the time of the practical examinations to large volumes. A study to show the rate at which detectable fluid circulates to the Morison pouch when introduced during diagnostic peritoneal lavage indicated a mean time of 5.7 mins (SD 2.2 mins), and similar times can be observed for dialysis patients after adopting the supine position (23) .
Four problems may arise with using these patients. First, the kidneys are often typically end-stage, very small, and echogenic, and may be difficult to identify. The recognized landmarks for a Morison pouch and the spleen/kidney interface may therefore be difficult for inexperienced students to identify and may cause them to lose confidence in their ability to recognize free fluid.
Second, long-term dialysis patients may have had episodes of peritoneal infection, which can cause adhesions and loculation in the peritoneal spaces. This prevents fluid circulating into the usual spaces examined during the FAST scan.
Third, these patients may excrete very little urine from the native kidneys, and the bladder is invariably empty. Posttrauma retrieval patients undergoing FAST scans virtually always have a full bladder, for several reasons-there is usually a time delay from the trauma to retrieval, many have imbibed significant quantities of alcohol before a vehicular accident, and there is intravenous fluid loading during resuscitation and retrieval. The bladder is therefore usually distended, and students are taught to scan the pelvis before insertion of an indwelling catheter if possible. If the bladder is collapsed, rupture of the bladder should be suspected. However, in dialysis patients making little or no urine, the landmark used for pelvic scanning is not present, and students may incorrectly identify pools of pelvic fluid as a bladder.
A further problem is that dialysis fluid often extends over the surface of the liver, and when the subxiphisternal window is used to image the heart, a false-positive diagnosis of pericardial fluid may be made, as a rim of fluid between the liver and diaphragm is misidentified as lying between the layers of pericardium (24) . Trainees should be warned about this potential for false-positive diagnoses and also taught of the risk of misdiagnosing epicardial fat pads as pericardial effusions (25) . Throughout the training, emphasis should be on correlating the clinical condition with the ultrasound findings and disregarding the scan if discrepant, until an expert examination and opinion can be sought or a complementary imaging study, such as computerized tomographic scanning, can be obtained.
Despite these problems, peritoneal dialysis patients remain the best example of free intraperitoneal fluid for training purposes, and the patients usually enjoy the experience, and many become long-term volunteer attendees at the courses. Local requirements for obtaining informed consent must be followed before they can be used for training purposes.
Training for Detection of Pneumothorax. One of the most exciting advances in portable and emergency ultrasound has been the demonstration and reliability for detecting even small pneumothoraces with ultrasound (5). Although the falsepositive rate (mainly due to chronic lung disease) is still to be evaluated, this diagnostic ability will be very useful for retrieval specialists who need to transport acutely injured or ill patients by either fixed-wing or rotary aircraft and may need to initiate pleural drainage before flight. The trainees should be shown the technique and then encouraged to scan any patient they encounter in the future with a known pneumothorax to obtain the skill to diagnose accurately. They must be cautioned not to act on the ultrasound findings if they are incongruent with the clinical findings and should not utilize the ultrasound results until they have assessed their own accuracy over many cases.
Assessment of Effectiveness of Courses
Each course should allow feedback from participants. From personal experience, this can most easily be done with an anonymous questionnaire, which not only assesses the course content, but also allows comment on the standard of lectures and teachers. There should be an opportunity to provide feedback on the confidence and perceived competence of the trainees after the course. They should also be encouraged to recommend improvements or state perceived deficiencies in the course content and structure.
After the training course, there should be a period of probation, in the opinion of the author, probably of 12 months, but this will vary with scan numbers acquired and also with the skills of the trainees and their previous experience and training. A designated experienced mentor is required to either observe technique during live scanning or to assess the results by viewing videotapes (13, 16) or hard copy, or checking the result of the scan against gold standards such as computerized tomography, surgery, or clinical follow-up. Obviously, direct observation is optimal, but this is usually not possible because scans may be performed remotely and at inconvenient times, usually out-of-hours. Nevertheless, it is important that direct observation is utilized whenever possible (for example, in-hours emergencies). Scanning technique and diagnostic ability can thereby be assessed.
Remote supervision is also possible, and trials have been successful in both civilian and military (war-zone and peace-keeping) settings (26, personal experience). This is most easily done by capturing still images or video clips directly from the ultrasound screen using a digital camera and transmitting them by e-mail for remote or expert opinion. Downloading stored images or cine clips from the ultrasound unit onto video, hard copy, or e-mail is also effective. In countries with vast distances and sparse populations, this may be the only feasible way to maintain assessment of trainees. Nevertheless, an attempt should be made to accredit these remote practitioners in person on a regular basis.
Remote supervision and, particularly, remote reporting require some caution.
In most countries, there are medicolegal restrictions requiring licensing of doctors in each state or territory where they are working and providing medical advice, including teleradiology and tele-ultrasound, particularly if billing for this service. The reporting or supervising doctor may not be covered by medical insurance against malpractice litigation.
Ongoing Supervision
This is often the most difficult aspect to manage, both in large teaching hospitals and particularly in rural and remote areas. Direct visualization and supervision of each scan by an experienced ultrasonologist, whether a radiologist, intensivist, or emergency clinician, is the gold standard, but in a busy hospital or practice, this may not be possible. Videotapes of the procedure can be reviewed after the event, and again when a definitive diagnosis is confirmed (by computerized tomographic scan, diagnostic ultrasound, surgery, or other means), as part of an ongoing education process for the trainee and preferably as part of inhouse training for the other doctors and staff.
From the author's personal experience, more remote sites, where an experienced sonologist is not available, can often be managed well by approaching sonographers or more experienced doctors. Maintenance of logbooks with comparison with gold standards then becomes imperative.
Even more remote sites, such as the outback of Australia or overseas military deployments, pose a unique challenge. These have been successfully handled by the use of digital images and e-mail, plus mobile phone discussion. Urgent opinions can be provided almost "real time" when these are used together. This has proven very useful and satisfactory on Australian military deployments. Digital images can be obtained most easily with a digital camera (macro on, flash off), and video clips can be obtained and e-mailed (Fig. 2) . This has been shown to be useful in ectopic pregnancy, placenta previa, Achilles tendon rupture, and other conditions for which the doctor or radiographer has no or very little experience but can be guided to obtain diagnostic images (personal experience).
Critics of the technique often state that emergency ultrasound should only be used when the results of imaging may make a difference in management of the patient. This is in theory correct, and ultrasound should not be considered a new toy for doctors. However, this rule is not appropriate for trainees, as every scan increases their experience, competence, and confidence. Therefore, during training, all scans performed on patients, volunteers, other trainees, or even family members are useful and should be included in the logbook. Appropriate patients or volunteers may be suitable for several training members of staff to perform scans, provided that it does not compromise treatment.
Accreditation Procedures
Trauma and emergency scans have been the most studied with respect to training and publication of results, initially by trauma surgeons. However, other clinicians, such as emergency phy- sicians, intensive care and anesthetic staff, and a variety of medical and paramedical staff, also utilize the technique and equipment (7) . Initially, it was postulated that accreditation should come under the auspices of the departments of surgery in each hospital (2) , but this is obviously not feasible to cater for the variety of clinicians involved. Similarly, colleges of the specialties (such as colleges of surgeons, emergency physicians, and radiologists), specialty groups such as associations (such as the Association of Emergency Physicians, Ultrasound in Emergency and Intensive Care), and ultrasound societies (such as the American Institute of Ultrasound in Medicine and the Australasian Society for Ultrasound in Medicine) are also not appropriate, although any credentialing body should have the support of all of these groups (27, 28) . In the author's opinion, a credentialing committee for each country, with representatives from all the interested parties, would be the most appropriate body to undertake this task. Most importantly, the committees should have links to an international body that would maintain and update accreditation standards (similar to the World Federation of Ultrasound in Medicine and Biology).
Ongoing Accreditation
Accreditation processes have demonstrable effectiveness in maintaining and improving standards of practice in diagnostic ultrasound (29) , and there is no reason to suggest that similar re-accreditation for level-1 scanning would be less effective. Re-accreditation in obstetric and gynecologic examinations after an interval of 3 yrs showed significantly improved performance (from 57.3% to 86.6% for obstetric, from 60% to 91.9% for gynecologic) (29) . Although a 3-yr interval is feasible when administered by major organizations such as the American Institute of Ultrasound in Medicine, an annual practical examination under supervision is recommended in most major teaching hospitals to ensure technique remains constant among the operators.
Meticulous maintenance of a logbook and correlation with gold standards such as computerized tomographic scans, surgery, or expert sonographer/radiologist opinion makes the accreditation process relatively simple and demonstrates level of accuracy and improvement in diagnostic ability with time (30) . Sources of error and causes for false-negative and falsepositive studies are also highlighted by this method, and the trainee undergoes continuous improvement in skills.
CONCLUSION
The technique of point-of-care ultrasound is now well established and appropriately taught throughout most parts of the world. It has proven a useful diagnostic tool for civilian and military use in metropolitan, rural, and remote areas. Although most training courses are of high quality, the standard is variable, even in highly developed and well-resourced countries. Unfortunately, follow-up of trainees and ongoing supervision and accreditation is less well documented or performed. Lowering of standards of diagnosis will allow the technique to fall into disrepute, will endanger patients, and will provide ammunition for the critics of clinicians performing limited ultrasound examinations. The problem is compounded in countries where there are vast distances, sparse populations of both patients and doctors, and limited opportunities for supervision and reaccreditation. Technological changes such as e-mail and tele-ultrasound will aid in overcoming these limitations, but the problems must be recognized and appropriate support (both financial and logistic) provided to maintain the highest standards.
